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SOME  PROPERTIES  OF  MIXED  OXIDE  LAYERS  HAVING  AMORPHOUS  STRUCTURES 

S.  A.  Hogarth  and  L.  A.  Wright 
Physics  Department, 

Brunei  University, 

London,  W  3,  England 

Many  oxides  exhibit  marked  semiconductive  properties,  and  their 
characteristics  are  well  known.  The  technology  involved  in  the  pro¬ 
duction  of  many  glasses  is  based  upon  the  interaction  of  two  or  more 
oxides  forming  amorphous  complexes.  This  process  will  see  oxide 
properties  vary  substantially.  Similar  effects  may  occur  in  the  case 
of  other  semiconductive  materials  as  well.  The  properties  of  amor¬ 
phous  selenium  differ  greatly  from  those  of  crystalline  selenium;  the 
studies  by  Goryunova  and  Kolomiyets  [1]  of  a  Tl2Se-Sb2Se^  system  with 
substitution  by  arsenic  point  to  the  existence  of  amorphous  semicon¬ 
ductive  materials.  Other  chalcogenides  have  been  similarly  studied, 
and  it  has  been  shown  that  the  amorphous  material  products  behaved 
like  typical  glasses.  The  literature  reports  only  briefly  on  the 
deposition  of  layers  having  a  good  glass-like  structure  [2] •  we  have 
therefore  studied  the  properties  of  thin  films  prepared  by  simulta¬ 
neously  depositing  the  oxide  components  of  the  glass.  We  knew  that 
samples  of  hard  glass  possess  a  broad  range  of  electrical  and  optical 
properties,  and  we  hoped  that  by  studying  compositely  deposited  films 
we  would  be  able  to  maintain  reliable  control  of  their  composition. 

It  is  well  known  from  the  published  literature  on  thin  films  of  al¬ 
loys  that  the  problem  of  successful  deposition  consists  in  producing 
a  film  of  the  required  composition.  Simultaneous  deposition  requires 
very  careful  control  of  the  rate  of  vaporization  from  each  source  T3] . 


Oxide  glasses  consist  of  the  usual  components  of  glass,  SiO,,, 
and  P205,  f'or  ©sample,  plus  modifiers,  MgO,  BaO,  CaO  or  Na20  for 
example,  or  amphoteric  oxides,  A^O^,  TiO  or  Zn0  for  example.  We 
have  studied  many  systems  and  are  reporting  here  some  of  our  experi¬ 
mental  results.  We  have  also  analyzed  our  results  to  establish  the 
limits  within  which  vitreous  films  preserve  their  semiconductive 
properties  and  whether  they  have  a  well  marked  forbidden  energy  band. 

Experiments  were  first  conducted  in  the  deposition  chamber  (30  cm 
in  diameter)  of  a  12E7  Edwards  device.  The  geometrical  configuration 
of  the  sources  and  the  substrates  was  carefully  analyzed  to  insure 
coating  uniformity  and  control  film  thickness  using  a  quartz  crystal 
oscillograph.  After  testing  a  number  of  configurations  we  found  the 
following  geometry  to  give  virtually  uniform  layers:  two  vaporizing 
sources  were  mounted  on  the  diametrically  opposite  sides  of  a  rotating 
holder  with  corresponding  quartz  oscillators  located  above  them  and 
directly  below  the  rotating  holder.  Subsequent  tests  were  conducted 
using  a  stainless  steel,  48-inch  diameter  BA  510  Bal’zer  vaporizer, 
which  is  of  greater  capacity  and  in  which  we  could  place  our  combina¬ 
tion  spray  system.  It  proved  possible  in  this  instance  to  dispense 
with  the  rotating  holder  and  to  obtain  uniform  layers  in  a  stationary 
system. 

The  configuration  of  our  vaporization  system  is  shown  In  Figure  1. 
This  system  made  It  possible  for  us  to  deposit  films  of  uniform  thick¬ 
ness  and  composition.  As  a  substrate  we  usually  used  a  microscope 
slide  polished  in  a  soda  lime  flame.  The  least  observable  change  in 
frequency  on  the  quartz  oscillator  with  a  natural  frequency  of  6  MHz 

ft 

was  10  Hz,  which  corresponded  to  a  change  in  weight  of  10“  g.  T’he 
change  in  frequency  was  used  in  the  control  circuit  to  regulate  the 
silicon  rectifiers,  which  varied  the  vaporizer  current;  this  made  it 
possible  to  maintain  the  rate  of  vaporization  of  the  two  oxide  sources 
constant  for  the  full  5-minute  vaporization  period.  We  usually  de- 

ft 

posited  the  film  at  a  rate  of  8 -10”  cm  of  thickness  per  second.  We 
had  to  maintain  a  reserve  of  material  In  the  vaporizer  sufficient  to 
insure  that  any  change  in  mass  would  be  small.  In  addition  to  the 
oxides,  we  had  to  deposit  layers  of  aluminum  to  serve  as  electrodes 
to  measure  the  electrical  and  dielectrical  properties  of  the  films . 

To  the  extent  permitted  by  substrate  absorption,  we  measured  optical 
properties  by  the  conventional  methods . 


We  studied  the  structural  properties  of  our  films  by  means  of 
X-ray  diffraction  and  with  an  electron  microscope  using  carbon  repl- 

We  deposited  our  films 
such  that  the  total  mass 
sprayed  and  recorded  by  the 
quartz  oscillators  remained 
identical  for  films  of  all 
compositions.  Deposition 
time  was  selected  such  that 
this  mass  was  not  a  func¬ 
tion  of  the  rate  at  which 
the  individual  components 
were  deposited  and  that  it 
had  an  acceptable  value  for 
films  of  all  compositions. 
The  films  were  greater  than 

o 

2000  A  in  thickness.  We 
deposited  at  least  four 
separate  films  for  each 
composition,  and  the  experi¬ 
mental  results  are  con¬ 
sistent  for  all  these  films. 

Experimental  results.  Let  us  now  look  at  some  of  the  results  of 
our  studies. 

SiO 2/B 2° 3  films.  Absorption  spectra  in  most  instances  took  the 
form  shown  in  Figure  2,  where  the  absorption  peak  occurs  at  a  wave¬ 
length  of  roughly  300  nm  (energy  -  approximately  4.1  eV) .  The  edge 
of  primary  lattice  absorption  was  not  observed,  however.  Figure  3 
shows  typical  curves  for  films  of  different  compositions. 

Neither  the  X-ray  diffraction  experiments  nor  electron  microscopy 
revealed  any  crystallinity,  so  that  either  the  films  were  vitreous  or 
the  dimensions  of  the  crystals  were  so  small  as  to  be  undetectable. 

The  value  of  the  dielectric  constant  varied  continuously  between  3.2 
for  the  B203  and  5.2  for  the  Si02,  while  the  electric  strength  varied 
between  1.2  MV-cm'^  for  60?  Si02  and  0.35  ’W*cm“*  for  100*  S102.  Pre¬ 
cise  measurements  of  electrical  conductivity  were  difficult  to  make  at 
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Figure  1.  Configuration  of  sources, 
substrate  and  crystal  oscillators  in 
48-inch  diameter  deposition  chamber. 
1  -  substrate;  2  -  oscillator  1;  3  - 
-  screen;  4  -  oxide  source;  5  -  alu¬ 
minum  source;  6  -  oxide  source  2  ;  7 
-  oscillator  2. 
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room  temperature.  Dielectric  losses  (tg  5)  were  only  weakly  depen¬ 
dent  upon  composition,  but  they  increased  quickly  with  frequency;  a 
value  of  0.018  was  typical  for  a  frequency  of  1  kHz,  0.17  for  10  kHz. 

SiO/B gO g  films.  The  properties  of  these  films  are  analogous  to 

those  of  SiOg/BgO^  films,  with  the  exception  that  their  dielectric 

constant  drops  sharply  for  films  containing  more  than  40*  B2°3  as 

shown  in  Figure  4.  Electric  strength  is  5*  lower  than  for  SiO^/R^0^ 

films.  Refractive  index  increases  monotonically  from  1.56  for  R2°3 

to  1.88  for  100%  SiO,  and  its  behavior  corresponds  to  that  predicted 

for  a  mixture  of  two  substances  not  reacting  with  one  another  by  the 

Gladstone-Dale  law,  which  relates  refractive  index  to  density.  We 

studied  films  deposited  at 

different  oxygen  pressures. 

With  a  change  in  residual 

air  pressure  from  6*io-^ 

-4 

torr  to  10  torr,  the  di¬ 
electric  constant  of  films 
with  a  composition  of  70* 
SiO/30*  B2°3  dr°PPed  from 
3.3  to  2.7,  while  tg  <S  at 
1  kHz  rose  from  0.0042  to 
0.01  and  at  10  kHz  decreased 
from  0.034  to  0.020;  electric 
strength  varied  varied  be¬ 
tween  4.5  and  l.R  MV* cm-1, 
refractive  index  between 
1.74  and  1.52.  The  value 


Figure  2.  Typical  absorption  spec¬ 
trum  of  a  thin  composite  vitreous 
oxide  film.  1  -  film;  2  -  substrate; 
3  -  film+substrate . 
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Figure  3.  Absorption  as  a  function 
of  wavelength  for  various  SiC^/BjO^ 

films.  Si02  content  given  in  per 

cent . 


tg  5  for  films  of  this  com¬ 
position  deposited  at  6*10"^ 
torr  rose  rapidly  to  satura¬ 
tion  at  150°C  (10  kHz)  but 
less  rapidly  on  up  to  lflo°c 
(1  kHz).  An  increase  in 
tg  6  and,  consequently,  in 
electric  condictivity  is 
common  for  nonmetallic  con¬ 
ductivity,  but  does  not 


correspond  to  the  known  properties  of  semiconductors,  '’’ests  of  the 

films  for  oxygen  absorption  show  that  their  absorptivity  is  higher 

than  in  the  case  of  the  individual  components.  Structural  studies 

show  the  total  amorphousness  and  uniformity  of  the  films. 

SiO/ As  ^0 ^  films.  It 

proved  impossible  in  this 

instance  to  obtain  the  same 

dependences  upon  composition 

as  in  the  preceding  systems, 

what  with  the  fact  that  films 

containing  more  than  6 0* 

As_0t-  are  unstable.  In  the 
£  o 

case  of  films  containing 
lesser  amounts  of  arsenic, 
the  dependence  of  optical 
absorption  upon  wavelength 
varied  extremely  randomly 
with  the  change  in  composi¬ 
tion;  all  films  exhibited 
anomalies  in  the  1^0-320  nm 
range,  however.  The  dielectric  constant  (at  1  and  10  kHz)  remained  - 
constant  up  to  100°C  and  then  rose  rapidly;  tg  5  increased  from  ap¬ 
proximately  160°C  in  the  case  of  films  with  a  composition  of  80* 
S10/20%  As 2O5.  The  refractive  index  varied  continuously  with  changes 
in  composition  but  did  not  accord  with  the  Gladstone-Dale  theory. 

SiO/BaO  films .  The  dielectric  constant  decreased  continuously 
from  6  at  40?  SiO  to  3  at  100!?  Si 0,  At  1  kHz,  tg  S  first  decreased 
but  then  rapidly  rose  with  temperature,  beginning  at  160°C  (10  kHz) 
and  24o°C  (1  kHz).  The  change  in  refractive  index  as  a  function  of 
composition  was  constant  and  reached  its  minimum  at  70*  SiO/30*  HaO. 
The  dependence  of  optical  absorption  upon  composition  was  once  again 
not  systematic,  but  showed  maximum  absorption  at  a  composition  of 
70?  SiO/30?  BaO.  Structural  studies  showed  that  the  films  were 
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Figure  4.  Dielectric  constant  e  of 
Si0/B203  (1)  and  Si02/B203  (2)  films 

as  a  function  of  composition.  Con¬ 
tent  of  SiO  and  Si02  given  in  per 

cent . 


amorphous,  but  slightly  granular. 

SiO/TiO  films.  It  was  discovered  that  the  properties  of  films  of 
all  compositions  are  very  sensitive  to  the  residual  oxygen  pressure 
in  the  vacuum  chamber.  Under  the  effect  of  a  glow  discharge  and 


other  treatment,  absorption  decreases,  probably  in  consequence  of 
the  drop  in  oxygen  output j  in  this  instance,  the  refractive  index 
drops  for  films  with  a  composition  of  80£  SiO/20*  ^10. 

Discussion  and  con  lusions.  Oxides  with  high  resistance, 
which  usually  crystallize  into  a  strictly  defined  pattern  and  exhibit 
semiconductor  properties,  can  be  deposited  in  combination  such  that 
they  form  thin  vitreous  layers  with  properties  differing  sharply  from 
those  of  their  component  oxides.  Some  systems  may  exhibit  a  very 
simple  dependence  of  these  properties  upon  composition.  Tn  other 
instances  this  dependence  is  only  random.  Structural  studies  show 
that  with  careful  control  of  the  vaporization  process  we  can  obtain 
truly  vitreous  structures.  Studies  of  amorphous  and  liquid  semicon¬ 
ductors  have  shown  that  the  similarity  of  the  properties  of  the  crys¬ 
talline  and  amorphous  or  liquid  states  of  one  and  the  same  substance 
is  a  consequence  of  the  short-range  order  in  the  noncrystalline  state 
[4] .  The  absence  of  any  well-defined  boundary  of  primary  lattice  ab¬ 
sorption  in  our  films  points  to  the  fact  that  the  nature  of  the  bond 
in  the  vitreous  and  crystalline  states  differs  sharply.  Results  of 
a  study  of  dielectric  losses  as  a  function  of  temperature  confirm 
this  point  of  view.  All  systems  nevertheless  contain  SiO  (l<n<2)  , 
and  the  anomaly  in  the  optical  absorption  curve  in  the  vicinity  of 
4.1  eV  indicates  that  this  substance  preserves  some  of  its  properties 
even  in  the  vitreous  state.  Gubanov  (5)  has  shown  that  impurities  in 
amorphous  semiconductors  play  a  less  important  role  than  in  crystal¬ 
line  substances,  and  the  results  presented  here  accord  with  this 
point  of  view.  Rearrangement  of  the  atoms  around  the  "impurity"  oc¬ 
curs  much  more  easily  in  amorphous  substances  than  in  crystals  with 
a  strict  order. 

We  are  grateful  to  Dr.  A.  Holland  and  Mr.  D.  J.  Pacey  for  fruit¬ 
ful  discussions. 

DISCUSSION 

p.  Rappaport .  How  does  SiO's  dielectric  constant  change  with  the 
addition  of  TiO?  Are  you  sure  there  wasn’t  any  Ti02  or  SiO^  in  your 
samples? 

C.  A.  Hogarth.  We  should  never  be  sure  there  wasn't  any  Ti02  or 
SiOx  in  our  samples.  But  the  great  difference  in  the  results  presented 


in  detail  for  layers  comprised  of  SiC^-BjO^  and  Si02~B202  permit  us 
to  assume  that  we  have  accurately  controlled  our  compositions,  ac¬ 
curately  enough  to  enable  us  to  present  our  results  as  applying  to 
SiO-TiO  films.  Since  we  were  trying  to  obtain  amorphous  layers,  we 
made  no  attempt  to  determine  how  many  adorns  the  oxygen  was  bonded 
with.  SiO's  dielectric  constant  decreased  with  the  addition  of  TiO. 
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XXIV-3 

HEKOTOPME  CBOHCTBA  C.MEUIAHHLIX  OKCHflHbiX  CJIOEB 
C  AMOP«l>HbIMH  CTPYKTyPAMH 

C.  A.  XorapT,  Jl.  A.  Pafir 

(C.  A.  Hogarth,  L.  A.  W  r  i  gh  t.' Physics  Department.  Brunei  University.  London, 

W.  3,"  England) 

1.  BBeaeHHe 

MHorwe  okchum  ofiHapyiKHBaioT  qetKO  BbipaKeHHwe  no.iynpoBoamiKo- 
Bbie  CBOMCTBa,  H  HX  XapaKTepHCTHKH  xopouio  H3BeCTHbl.  Texuo.ionifl  np01I3- 
aoacTBa  MHoritx  ctexoA  ocHOBana  na  B3aiiMoaeficTBHH  jByx  hah  6o.iee 
okchaob,  o6pa3yiomHX  aMop<t>Hbie  KOMn.ieKCbt.  llpii  btom  npouecce  cBoii- 
CTBa  OKC1UOB  CVmeCTBeHHO  H3MCHHI0TCH.  riOAo6Hbie  3C{)4)eKTbI  HMeiOT  Me- 
cto  ir  jah  jpyriix  n oa y n poboah  h kob bix  MarepHaAOB.  Cbohctbs  aMopcfworo 
ceAeHa  CHAbno  otahh3!otch  ot  cbohctb  KpHCTaA.nmecKoro  ceAeHa;  iiccAe- 
AOBaHHH  r opioHOBOH  h  KoAOMHHua  [l]  Ha  CHCreMe  Tl2Se — SbsSe3  c  3aMe- 
memie.M  MbIUJbHKOM  CBHAeTeAbCTByiOT  O  CymeCTBOBaHHH  a.MOpiJtHbl.X  rTOAV- 
npOBOJHHKOBblX  MaTepiiaAOB.  AHaAOrHHHO  HCCAeaOBaAHCb  apynie  Xa.TbKO- 
reHHaw,  h  Qmao  noxa3aHO,  hto  noAyHaromnecH  aMopcJjHbie  MaTepnaAbi  Be  ah 
ce6n  Kan  THnHHHwe  cxeKAa.  B  AHTepaType  Aiiujb  KpaTKo  coof>maeTCH 
o  HanbiAeHHH  CAoeB,  HMeioiUHX  xopomyro  CTeKAoo6pa3Hyio  erpyxTypyp]. 
n03T0My  Mbl  HCCAeAOBaAH  CBOHCTBa  TOHKHX  nAeHOK,  npHrOTOBAeHHbIX  OAHO- 
BpeMeHHbtM  HanbtAeHIieM  0KCH30B,  BXOAHmHX  B  COCTaB  CTeKAa.  H3BeCTHO, 
hto  o6pa3uw  TBepaoro  CTeKAa  ofiAajaioT  uinpoxtiM  anana30HOM  3AeKTpn- 
naCKHX  H  OnTHHeCKHX  CBOHCTB,  H  MM  HaAeHAHCb,  HTO  ITCH  H3V«teHHH  CAOJK- 
HbiX  HanblAeHHWX  n.ieHOK  CTTOJKeM  OCVIIieCTBHTb  HajejKHMH  KOHTpOAb  3a  HX 
COCTaBOM.  H3  OnV^AHKOBaHHblX  paCOT  0  TOHKHX  n.ieHKaX  CIlAaBOB  XODOUIO 
H3BecTHo,  hto  npo&ieMa  ycneuiHoro  HanbiAeHHa  3axAK>HaeTCH  b  noAy«ieHitn 
HAeHKH  HywHoro  cocxaBa.  Hah  ocviaecTBAeHHH  oaHOBpeMeHHoro  Hanbue- 
HHH  HeofiXOdlHMO  OHeHb  TIliareAbHO  KOHTpOAHpOBaTb  CKOpOCTb  HCnapeHHfl 
;i3  xaixjoro  hctohhhk3  [s], 

OKCiUHbie  CTeKAa  coctoht  H3  oCmhhmx  cocTaBAHioiUHX  CTeKAa,  Hanpw- 
Mep  SiO;,  BjOs,  P203,  BMecTe  c  MoantJiHKaTopaMH,  HanpHMep  MgO,  BaO, 
CaO,  Na20,  hah  aM^OTepHbiMH  OKHCAaMH.  Hanpii.Mep  A12Oj,  TiO,  ZnO.  Mbt 
nccAeaoBaAH  mhoto  chctcm  h  cooSiuhm  3Aecb  HexoTopwe  113  3KcnepnweH- 
TBAbHMX  pe3yAbTarOB.  B  JOflOAHeHlie  K  3TOMV  Mbi  fip03HaAH3Hp0BaAH  pe- 
3 VAbTOTM,  HTOfiM  VCTaHOBHTb,  3  K3 KHX  npe^eAaX  CTeXAOO0pa3Hbie  nAeriKH 
COXpaHHIOT  nOAynpOBOAHHKOBbie  CBOHCTBa  H  HMeeTCH  AH  V  HHX  xopouio 
sbipa*eHHaH  janpemeHHaa  3HepreTHHecKas  noAoca. 
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2.  SKcnepHMeHTaJibHbifi  mctoa 
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f  VnpOBO-iHHKO- 
OAOrHH  npOH3- 

•  x  iuh  Go.nee 
poaecce  caofi- 
u  HMeiOT  Me¬ 
sa  aMop<{>Horo 
e.ieHa;  liccae- 
chSe3  c  3aMe- 
ipdM.’bix  no.iv- 
iyrHe  xa.ibKo- 
TepHa.ibi  Be-iH 
>  coo6maeTCH 

cTpVKTypv  pj. 
■leHHblX  OAHO- 
la.  H3BecTHo, 

HOM  3.ieKTpH- 
V^eHHH  C.IOJK- 
HTpOJIb  3a  HX 
aBOB  xopoiuo 
b  naiy«ieHHH 
loro  Hanbue- 
b  ncnapeHHB 

eicia,  Hanpw- 

•  MgO,  BaO. 
iO,  ZnO.  Mw 
SKcnepHMen- 

3HpOBBJIH  pe- 
3Hble  n.ieHKM 
HIIX  xopouio 
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riepBOHaMa.nbHo  3KcnepHMeHTbi  npoBOAHAncb  b  HanbiAHTeAbtfofi  nawepe 
(AiiaMeipoM  30  cm)  npiiGopa  SaBapaca  12E7.  reoMeipimecKoe  pacno.no- 
PKeHlie  1ICT0MHI1K0B  II  I10A.10)KeK  CblAO  TUiaTeALHO  npOana.U!3lipOBaHO, 
c  TeM  htoGh  o6ecnewHTb  oanopoAHoe  nOKpbiTiie  h  ynpaBAHTb  toawhhoi: 
n.nemai  c  noMOiUbio  KBcpueBoro  kphctd.t.t nMecKoro  ocuhaahtoj a  riocAe 
HcnbiTBHHa  HecKoAbKHX  pacnoAOjKeHnit  6bi.ia  HafiAena  cneayiomaH  reoweT- 
pun,  Aaiomas  npaKTHwecKii  oAHopoAHue  caoh:  ABa  HcnapHTeAbHbix  hctoh- 
HKKa  noMema.iHCb  Ha  AnaMeTpaAbHo  npoTHBono.io>KHbix  cToponax  Bpa- 
maiomerocH  AepwaTe.TH,  cooTBeTCTBVioiUHe  hm  KBapueBbie  ocuHAAftTopu 
pacnoAara.iHCb  HaA  hhmh  HenocpeACTBeHho  noA 
BpamaiomuMCsi  Aepx-:are.ne.M.  DocAeAyiowHe  onw- 
Tbl  npOBOAHAIICb  C  HCn0Ab30BaHU£M  HCnapHTeAH 
BaAb3ep  BA  510  AHaMeTpoM  48  cm,  H3r0T0B.ieH- 
Horo  H3  HepwaBeiomeft  CTa.iH,  c  y  Be.i  h  <ieH  h  bi m 
06-beMOM,  B  KOTOpOM  MOrAa  paSMeCTHTbCH  CAOJK- 
Haa  HanbunTe.ibHaa  cucTeMa.  flpn  btom  OKaaa- 
Aocb  B03M03KHbiM  0TKa3aTbcfl  ot  BpawaiomerocH 
Aep?KaTe.TH  m  no/iysaTb  oAHopoAHbie  c.ioh  b  CTa- 
UHonapHOft  cHCtewe. 

ycrpoiicTBO  HcnapuTe-ibHoft  cHCxeMbi  noxasaHo 
na  pfic.  1.  C  ee  noMouitro  mojkho  6u.no  Hanw- 

AHTb  n.leilKH  nOCTOHHHOH  TOAIUHHbl  H  COCTaBa. 

B  KaMeCTBe  nOAAOiKKH  oGblMHO  HCnO.1b30BaAOCb 
no.inpoBaHHoe  b  n.iaMeHH  HaTpoHHofi  H3BecTH 
npeAMeTHoe  cTeK.io  MHKpocKona.  HaiiMeHbmee  3a- 
weTHoe  ii3MeHeHiie  HacroTbi  Ha  KBapueBOM  ocuha- 
AJITOpe  C  COGCTBeHHOfl  HaCTOTOH  6  MTU  paaHBAOCb 
10  ru,  MTO  COOTBeTCTBOBa.TO  H3MeHeHHIO  Maccw  Ha 
I0‘s  r.  H3MeHeHHe  MaCTOTbl  HCII0Ab30Ba.T0Cb  B 
KOHTpOAbHOH  Ueiil!  AAH  ynpaBAeHHH  KpeMHH6BbiMH 
BbinpHMHTe.TBMH,  KOTOpbte  MeHHAH  TOK  HCnapH¬ 
TeAH,  HTO  IT03B0.TH.T0  nOAAepXvHEaTb  CKOpOCTH  HC- 
napeHHH  abj’X  okchahbix  iictothhkob  noCTOHHHbi- 
mh  b  TeneHHe  hath  mhhj't  HcnapirreAbHoro  nepno- 
Aa.  CnopocTb  Hanw.ieHHH  o6u<iho  cocTaBAHAa  8-10*s  cm  toaiuiihu  b  ce- 
KyHAy.  HeoGxoAHMo  6mao  hmctb  b  HcnapHTeAe  AocTaTOHHWH  3anac  Be- 
mecTBa,  HT06U  H3MeHeHHe  ero  Maccu  6wao  MaAbiM.  KpoMe  okchaob,  He- 
06XOAHMO  GblAO  HanWAHTb  CAOH  a.TKJMHHHH  B  K3HeCTBe  BAeKtpOAOB  AAH  I!3- 
MepeHHH  3AeKTpHHeCKHX  H  AHSAeKTpHUeCKHX  CBOl'lCTB  n.ieHOK.  OnTHieCKlie 
CBOiiCTBa  H3MepHAHCb  06blHHbIMH  MetOABMII.  HaCKOAbKO  n03B0AHA0  nOTAO- 
meHne  noAAOKeK. 

CTpyKTVpHbie  CBOUCTBa  n.ieHOK  HCC.TeAOBa.THCb  C  nOMOlUblO  AH^paKUHi! 
peHTreHOBCKiix  Aynefi  n  Ha  3.ieKTp0HH0M  MHKpocKone  c  noMombio  yronb- 
HblX  penAHK. 

HanbiAenne  npoH3BOAHAocb  thkhm  o6pa30M,  htoGw  noAHan  Hanw.TeH- 
Han  Macca,  perHCTpnpyeMaH  KBapueBbiMH  ocuHAAirropaMii,  6biAa  oAHHa- 
KOBa  aah  n.ieHOK  Bcex  coct3bob.  BpeMH  HanwAeHHH  noafinpaAocb  tokhm 
o6pa30M,  ’-no6bi  sra  Macca  He  3aBiice.ia  ot  cKopocreii  HanhiAeHiiH  OTje.Tb- 
Hbix  KOMnoHenr  h  HM6.ia  npneMAeMyio  BeAlKHHV  AAH  nAeHOK  Bcex  COCTa- 
BOB.  riAeHKH  II.Me.TH  TOAIUHHV  CBblllie  2000  A.  J3.AH  K3)KA0r0  AaHHOTO  CO¬ 
CTaBa  HanuAHAHCb  no  KpafiHeii  Mepe  weTbipe  oTAeAbHbie  n.ieHKii,  n  npHBo- 
AHMbie  3KCnepHMeHTa.TbHbie  pe3VAbTaTbI  HBAHIOTCH  COBMeCTHMblMH  AAH 
Bcex  3THX  n.ieH0K. 
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Piic.  1.  Pacnono»:e.4He 
HCTOqHHKOB,  nOi.TO*KH  If 
Kp«CTa.MHwcxiix  ocanj- 
.IHTOpoB  B  Hanbl.lHTC-bHoii 
Ka\iepe  anaMerpoM  4S  c\<. 
/  -  noa-iowKi;  2  -  oc.ib.i-ih- 
TO(>  I;  J-  Mtpan:  /-OKCHXWUli 
HCTOVHBK  I;  J- H.lloMHHHeBblA 
KCTOHHHK;  6  -  OXCHXHUft  HCT01- 

HHK  2i  7- 0CUK.1.1H70P  2. 


fc- 


3.  3KcnepHMeHTa^bHue  peay.ibTam 

lip  it  ouAii  m  tieKOTophie  pe3v.ibTaTbi  liaimix  iicc.ieaoBamiii. 

Hjichkh  Si02/B203.  CnexTpbi  nor.iomeHHa  b  6o.ibuutHCTBe  cjiyiae3 
HMe.ii!  Biia,  noKa3aHHwfl  Ha  puc.  2,  rae  nitK  nor.ioweHtia  pacno.io>xeH  npn 
J.lHHe  BOJTHbl  npilMepHO  -  300  MMK  (3HeprHH  OKO.IO  4.1  3B).  OjHaKO  Kpafl 
ocuoBHoro  peuieToiHoro  nor.ioweHiia  He  Ha6.iioAa;icH.  Puc.  3  noKa3biBaeT 
TlinHHHbie  KpilBbie  J.1H  n.ieHOK  pa3.1HHHbIX  COCtaBOB. 

SKcnepiiMeHTbi  no  AHcppaxuHH  peHTreHOBCKiix'  Jiyaeii  ii  3.iexTpoHHaa 
MHKpOCKOnHH  lie  o6Hapy*H.lH  KpilCTa.l.lHHHOCTII,  Tax  MTO  .1h6o  n.ieHKH 


Phc.  2.  TiiriHMHbiil  cneKTp  nor.iomeHim  tohkoA  cae- 
UiaHHoA  OKCHiHOH  CTeK.TO06pa3HOM  n.ieHKH. 

/  —  n.ieHKa;  2  —  noA-ioxxa;  3  —  n;ienKa  +  noj.?o*Ka. 

6bI.lH  CTeKJI006pa3HblMH,  .1h6o  pa3Mepbl  KpHCTa.l.lHTOB  6bI.lII  Tax  Ma.lW. 
hto  hx  He.ib3H  ow.io  o6HapyH*HTb.  Be.iHHHHa  AHS.iexTpHaecxoH  npoHHuae- 
mocth  n.iaBHo  weHH.iacb  or  3.2  a.ia  B2Oj  no  5.2  A.ia  Si02,  a  3.iexTpime- 
cxaa  npomiocib  — ot  1.2  Mrs* cm"1  aas  60%  Si02  ao  0.35  mtb  •  cm"'  a.ih 


Phc.  3.  3aBHCiiM0CTb  nor.iouieKHH  or  x.ihhw  bo.ihm 
jui*  paa.iHiHux  n.ieHOK  SiOj/BjOj. 

B  npoutKtax  yxuaxo  coatpmaHn*  S;0> 


100%  Si02.  ToiHbie  HSMepeHiia  aneicrponpoBOAHOCTH  npn  KOMHaTHofi  Te.ii- 
nepaiype  6bi.io  TpyAHO  ocymecTBHTb.  ^H3.ieKTpimecxne  noiepw  (tg6) 
C.iafio  33BHCe.lH  OT  COCTaBa,  HO  OblCTpO  poc.m  c  HaCTOTOii;  THI1H1HOH  i.i a 
qacTOTbi  1  xrii  6bi.ia  Be.iH<uiHa  0.018,  A.ia  10  xru —  0.17. 

IljieMKM  S10/B20a.  CsoAcTBa  3THX  n«ieHOK  aHa.iortmubf  cBoflcrBaM 
n-ieHox  SiOj/B^Oj,  3a  HCK.iiOMeHneM  toto,  vto  iH3.ieKTpHiecxaa  nocroaH- 
Haa  pe3xo  yfiuBaet  a.ih  n.ieHOK,  coiepiKamHX  6o.iee  40%  B2Oj,  xax  no- 
xa3aHo  Ha  phc.  4.  S.iexTpHiecKaa  npoMHocTb  Ha  5%  HH/Ke,  new  A.ia  n.ie- 
hok  SiOj/BjOj.  rioxa3aTeab  npe.ioMJieHiia  mohotohho  yBe.umtiBaeTca  or 
1.56  n. la  B2Oj  io  1.88  A-ia  100%  SiO,  h  ero  noBeaeHHe  cooToeTCTByeT 
npeacKaawsaeMOMy  juh  cjiecii  aayx  HeBaaHMoaeiicTByiowHX  apyr  c  apy- 
roM  BemecTB  33kohom  r.iaacTOHa  h  /leit-ia,  CBaabiBaiouuiM  noxa3aTe.ib 
npeaoMJieHHa  c  n.ioTHOCTbio.  Hcc.ieaoBa.iHCb  n.ieHKH,  HartbueHHbie  npn 


3 

■I 


pa3.1ll<lllbix  .1 
mia  B03iyxa  • 
n.ienox  eocia 
1  Kru  yBe.niH 
Ao  0.020,  3.1  c 
noxa3aTe.ib  n 
Hanw.ieHHbix 
1 50c  C  (10  x. 

h.  c.ieAOBaie.' 
BOAIIMOCTH,  H 
OnbiTbi  no  aC 
xaMii  noxa3bi 
Haa  cnoco6Hc 
HbIX  KOMnOHe 
BaHiia  noxa; 
HOCTb  1!  OA:: 

n.ieHKH  S 
oxa3a.iocb  h< 
xiie  >xe  3aBii 
A-ia  npeibiAV 
xh,  coaepxcai 

VCTOlVlHBbl. 
coAepwamieM 
onTHaecxoro 
BO.lllbl  BeebM 
,iacb  npn  n3 
Bee  n.ieHKH  c 
o6.iacni  180- 
10  xru)  ocTa 
.lacb.  tg&  vr 
SiO/20%  Ab. 
H3MeHeHIIH  Cl 
n.ieHKH  S 
youBa.ia  ot  t 
VOHBa.l,  HO  3 

(10  xrul  ii  2 

CIIMOCTI!  OT 

SiO/30%  Ba< 
He  obuia  chct 
70%  SiO/30l 
Obl.lll  aMOpiJ)!- 
n.ieHKH  S 
hok  oneHb  ay 
Hort  xaMepe. 
eop6iwa  ywe; 
poaa,  ii  npn 

CTABa  80°'i  s; 


Okciijw  c 
ca  dporo  on 
CBOHCT3a,  MO: 
pa3yiOT  TOHK 
uimiHca  ot  c 
MOHiHO  Ha6.ll 
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tHciBe  CAyMaca 
•cnaiowen  npn 
OjnaKo  xpaii 
.  3  noKa3b!BaeT 

H  3,ieKTpoKiian 
i  .11160  n.ieHK« 


on  tsk  Ma.ibi, 
ckoh  npoHtiuae- 
i,  a  aaeierpime- 
i  mtb  •  cm'1  xm 


C0MH3TH0A  TeM- 
noTfcpH  (tg  6) 
tiwhmhoA  ju in 

IHbl  CBOACTBaM 
ecxaa  nocroHH- 
B2O3,  Kax  no- 
,  MeM  aah  n.ne- 

!AHMHBaCTC51  OT 
i  COOTBeTCTBVCT 
ix  jpyr  c  Apy- 
hh  noKa32Te.ib 
nbLieiiHue  npn 
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pa3.iH4Hbix  AaBAemiax  xiic.TOpoAa.  npn  H3MBHBHHH  ocTaTOMHoro  AaB.re- 
hhh  B03xyxa  ot  6-  10'6  Topp  ao  10‘*  Topp  jii3.ieKTpi!4ecKaa  npoHimaeMOCTb 
n.ienoK  cocTaBa  70%  SiO,  30%  B203  VMeHbuianacb  ot  3.3  ao  2.7,  tg  6  npn 
1  xru  yBCAiiMiiBaACH  ot  0.0042  ao  0  01,  a  npn  10  ktu  yMeHbiua.ica  ot  0.034 
Ao  0.020,  a.ieKTpimecKaa  npoMHOCTb  Mena.iacb  ot  4.5  ao  1.8  mtb  •  cm'1  i; 
noKa33Te.Tb  npe-TOMAeniiH —  ot  1.74  ao  1.52.  tg  6  y  n.ieHOK  stoto  cocTaBa. 
nanbi.TCHHMx  nf if  6-10'°  Topp.  6biCTpo  VBe.THMHBa.Tca  ao  iiacbimeima  npn 
150‘ C  (iO  ktu)  h  MtHee  Obicipo  —  ao  180c  C  (1  ktu;.  ybeAimenue  ;g  o 
II.  C.TeAOBaTe.TbHO,  3AeK rpOnpOBOAHOCTH  06bIMH0  AAR  HeMeTa.T.THMeCKOH  npo- 
BCAHMOCTII,  HO  He  COOTBeTCTByeT  H3BeCTHblM  CBOMCTBa.M  nO.TVnpOBOAHHKOB. 
OnuTu  no  a6cop6umi  xiicAopoAa  n.reH- 
K3MH  nO«a3b!BaiOT,  MTO  iix  a6copCmioH- 
Haa  cnoco6HocTb  Bbiuie.  ne.M  y  oTAe.Tb- 

HblX  KOMlIOHeKT.  CTpVKTVpHbie  HCC.TeAO- 

naHiia  noKa3biBaiOT  no.THyio  aMopip- 
HOCTb  H  OAHOpOAHOCTb  n.TeHOK. 

llJieHKH  SiO/AsjOs.  B  3tom  cnyaae 

OKa3a.TOCb  HeB03MO/KHbIM  nO.TVMHTb  T3- 
KHe  *e  33BHCHMOCTH  OT  COCTaBa,  K3K 

AAa  npeAbuymHX  chctcm.  Tax  xaxn.TeH- 
xii,  coAep>xamne  CBbuue  60%  As205,  He- 
VCTOHMUBbi.  .UAH  IT.TeHOX  C  MeHbUJHM 
coAepxaHHeM  Mbiuibaxa  3aBiicHMOCTb 
onTimecxoro  noraouieiiHa  ot  aahhm 
Bomibi  eecbMa  6ecnopaAOMHo  ii3MeHa- 
aacb  npn  HSMeneHiiH  cocTaBa,  OAHaxo 
see  n.TeHxii  o6Hapy*iiBa.Tn  aHOMa.Tim  b 
oGaacTii  180 — 320  mmk  HHSAexTpHMecxaa  npoHimaewocTb  (npn  1  xru  n 
i0  xru)  ocTaBa.iacb  nocroaHHoA  ao  100°  C,  a  3aTe.\i  6bicTpo  YBeAHMima- 
nacb,  tg6  yBe.iHMHBa.Tca  npiiMepHo  or  160°  C  aah  n.ieHox  cocraBa  80% 
SiO/20%  As205.  noxa3aTe.ib  npeAOMAeHHn  HenpepbiBHo  H3MeHd.Tca  npn 
n3MeHeHHH  cocTaBa,  ho  He  cAeAOBa.r  Teopim  r.TaACTOHa  h  Jeina. 

IlaeHKH  SiO/BaO.  BeaiimiHa  AH3AexTpimecxoA  npoHnuaeMOCTH  n.iaBHO 
yobiBaaa  ot  6  npn  40%  SiO  ao  3  npn  100%  SiO.  tg&  npn  I  xru  cnepBa 
yGbiBa.T,  ho  3aTeM  6wcTpo  B03paCTa.T  c  TeMnepaiypoA,  HamiHaa  co  160' C 
(10  xru)  h  240° C  (1  xru).  W3MeHeHiie  noxa3aTe.Ta  npe-TOMoeHiia  b  3aBii- 
CHMOCTH  OT  COCTaBa  6bI.TO  HenpepWBHbJM  H  HMe.10  MHHIIMyM  npn  70% 
SiO/30%  BaO.  3aBnciiMocTb  onTHMecxoro  nonouxeHHa  ot  cocTaBa  chobo 
He  Gbi.ia  CHCTeMaTHMecxofi,  ho  km“.tch  MaxciiMyM  nor-romeHna  npn  cocraBe 
70%  SiO/30%  BaO.  CTpyxTypHbie  iiccAeAOBaHiin  noxa3a.TH.  mto  n.TeHxn 
6bl.TH  3M0p4>HblMH,  HO  CAerxa  3epHHCTblMH. 

n.ieHxii  SiO/TiO.  06HapyjxeHo,  mto  npn  Bcex  cocraBax  cBoAcTBa  n.ie- 
HOK  OMeHb  MyBCTBHTeAbHbl  K  OCTaTOMHOM>’  A3BAeHHK}  KHCAOpOAa  B  BaxyVM- 
hoA  xaMepe.  FIoa  bahshhcm  TAeromero  pa3piua  h  ApyroA  o6pa6oTxn  afi- 
cop6mm  yMeHbUiaeTcs,  BepoHTHo,  BcneACTBue  YMeHbineHun  BbixoAa  khcac- 
poAa.  h  npn  3tom  yMeHbUiaeTcn  noxa3aie.Tb  npe.TOM.TeHHH  aah  nneHOx  co- 
CTaaa  80%  SiO/20%  TiO. 

4.  06cyjXACHHe  h  bwboau 

OKCHAbI  C  BblCOKHM  COnpOTHB.TeHHeM,  KOTOpbie  OfiblMHO  KpilCTa.TAH3yiOT- 
cn  CTpofo  onpeAe.TeHHbiM  o6pa30M  h  o6Hapy*nBaiOT  nociynpoBOAHiixoBbie 
CBofiCTBa,  MoryT  6biTb  coBMecTHO  HanwneKbi  t3khm  ofipa30M,  mto  ohh  oC- 
pa3ym  TOHxne  CTex.ioo6pa3Hbie  caoh  co  cBoAcTBaMH,  citAbHO  OTAiiMaxj- 
UIHMHCH  OT  CBOAcTB  COCTaB-THlOmUX  IIX  OKCHAOB.  V  HeKOTOpbIX  CIICTe.M 
MO>KHO  HaGAIOAaTb  OMeHb  npOCTVK)  3aBHCHM0CTb  CBOHCTB  OT  COCT3Ba. 


I 


Phc.  4.  3aBiiciiMOCTb  aiis-TexrpK>iecKoii 
npoHi-.uaeMocTH  naeHOK  e  SiO  B303  </l 
h  SiO./BjOj  (5)  ot  cocTaBa. 

B  iipoueHtax  yKoaKo  NiO  H.ur 

SiO,- 


* 

1 


1355 


B  jpymx  cnytaiix  3Ta  3aBiiciiMocTb  c.iyqaiinaH.  CrpyKiypnue  itec.iejOBa- 
hhh  noKa3UBaior,  mo  npii  maTe.ibHOM  Kompo-ie  3a  jicnapuTe.ibHbiM  npo- 
UeCCOM  MO>K!IO  AoSHTbCH  nO.TVWeHilfl  HCTHWIO  CTei<.'006pa3HOii  CTpyKTypbl. 
Hcc.iej08aHHH  a.MopifiHbix  n  jkiukhx  no.iynpoBoamjKOB  noKa3a.ni.  mo  no- 
Ao6ne  cbohctb  KpncTa.i.itmecKoro  h  aMop4>Horo  11.1:1  /kiukoto  coctohhhh 
oaxoro  ii  Toro  we  BeutecTBa  HB.iaeTca  cneACTBiieM  coxpaHemia  6.iH/Kiiero 
nopHAKa  b  HeKpncTa.i.inqecKOM  coctohhhh  [4j.  OicyicTBHe  wbtko  BbipaweH- 
Horo  Kpaa  ocHOBHoro  peuieTOWHoro  nornoiueHiia  y  nauinx  n.ienoK  yka3W- 
BaeT  Ha  to,  mo  npHpoaa  cb«3h  b  cTeK.ioo6pa3HO\i  n  KpHCTa.n.niqecKOM  co- 
ctohhhhx  ciiabHo  pa3.iHqaeTCH.  Pe3y.ibTaru  ncc.ie;u>Ba!uiH  ;iH3.ieKTpime- 
ckhx  norepb  b  33Bhchmocth  ot  TeMnepaTypbi  .noATBepwaaiOT  3Ty  tomkv 
3peHHB.  Tew  He  MeHee  bo  Bcex  ciicreMax  coAepwHTCH  SiOn  (l<n<2),  it 
3H0.Ma.lHH  B  KpHBOH  OnTHHeCKOTO  IIOrVIOWeHHH  B  Ofi.iaCTH  4.1  3B  nOKa3bt- 
Baer,  mo  HeKoropbie  CBoficTBa  stoto  BemecTBa  coxpaHHioTCH  aawe  b  ctck- 
•ioo6pa3HOM  coctohhhh.  ry6aH0B[s]  noKa3a.i,  mo  npnMecii  b  a.\iop({)Hbix 
no.iynpoBojiHHKax  H.rpaioT  M2Hee  BaiKHVio  po-is.  qe?i  b  Kpnera.'.ismecKHX 
tsemecTsax,  :i  npuBeAe.HHbie  3Aecb  pe3y;ibraTbi  cornacyiOTCH  c  btoh  tohkoh 
3peHHn.  nepecTpoHKa  aTOMOB  Bonpyr  «npHMecii»  npoHC.xoAHT  b  aMoptj)- 
Hbix  semecTBax  ropa3A0  Jierqe,  next  b  KpHcta.T.iax  c  hx  ctpothm  nopsuKOM. 

Mu  6.iaroaapHbi  aoKTopy  A.  Xoaaanay  h  MHCTepy  R.  Rk.  rieitCH  3a 
n.TOJOTBOpHbie  AHCKVCCHK. 
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AHCKyCCHD 

fl.  Pannanopr  Kan  jiaaeKTpHqecKaa  nocToaHHas  SiO  H3MeHneTcn  npn  joGaB.iemiii 
TiO?  Bbi  ysepeHU,  <rro  a  Baunix  o6pa3uax  He  6buo  TiOj  h.ik  SiOx? 

C.  A.  XorapT.  Hiikorja  Heab3H  6brrb  ysepeHHbiM,  hto  Ti02  it  SiO*  He  Gbi.io  b  o6pa3- 
uax.  OjHaKO  Co.ibuioe  pa3.iHHiie  s  pe3y.ibTaTax,  npejcraB.iei'Hbix  noapo6no  .i.ih  caoeB 
SiOj — BjOj  it  SiO — BjOj,  no3Bo.ineT  npeano.iaraTb,  >rro  mu  KOHTpo.iiipoBa.in  coct3b 
c  xoMHocTbio.  aocraTOHHofi  a.in  Toro,  mofihi  npexctaB.iHTb  HauiH  pe3y.nbTaTu  Has  otho- 
cHmiecH  k  n.ieHKaM  SiO — TiO.  TaK  xa*  mm  CTapa.iKCb  no.iyqaib  avop'bHbie  c.ioh,  to  mm 
He  onpeae.ia.iH.  c  kokiimh  aTOMavii  cBajbiBa.ica  Kiicaopoa.  ZIiis.ieKTpimecKaa  nocToaHHaH 
SiO  y.'ieHbuia.iacb  c  aofiaB.ieHHeM  TiO. 

XXIV^ 

BJIHjIHHE  AE«l>EKTOB  yTTAKOBKH 
HA  BJlEKTPOHHyiO  CTPyKTypy  rPA<J»HTA 

M.  Tcyxaaa,  Jl.  yeixypa 

(M.  Tsukada,  Y.  Uemura.  Department  of  Physics,  University  of  Tokyo,  Tokyo, 

Japan) 

I.  BBeaeHMe 

np«  3Ha.in3e  pa3.3HHHHX  3KcnepHMeHT0B  na  rpat})HTe  ycnetimo  itcno.ib- 
30Ba.iacb  30HHaa  MOj&Tb  CioHMeBCKoro— Beficca  (CB).  HeaaBHO  BH.ibHM- 
coh,  OoHep  h  JIpecce.ibxay3  [l]  o6HapyjKit.TH,  hto  ocmi-TviHutiH  ae  Taasa— 
BaH-.AJibv})eHa  Ha  hcochobhux  HocHTe,i«x  b  npitpoaHOM  MOHOKpiiCTa.T.Tiiqe- 
ckom  rpa^HTe  (MKr)  3HaqitTe.ibHO  oT.nimuoTca  or  t3kobwx  b  xopouio 
OTOiXiSeilHOM  nupO-TlITH'ieCKOM  rpa4>HTe  {nr),  B  TO  Bpe.MH  KaK  OCUH.T.m- 
uttH  Ha  ociioBHbix  HociiTe.THX  noqTH  He  OT.nmaioTCH.  Jila.iee,  Om.to  HaHjeHO, 
qTO  3Ha<JeHire  othoto  113  napa.MeTpoB  3ohh  A  b  flf  cocTaB.iaeT  rnibKO 
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